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[57] ABSTRACT

Metal ions contained in hydrogen peroxide can be re-
moved efficiently, safely and inexpensively by contact-
ing hydrogen peroxide to be purified with an anion
exchange resin with a chelating agent adsorbed therein.

4 Claims, No Drawings
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PROCESS FOR PREPARING HIGH PURITY
HYDROGEN PEROXIDE

BACKGROUND OF THE INVENTION

The present invention relates to a process for prepar-
ing high purity hydrogen peroxide and more particu-
larly to a process for safe and inexpensive preparation of
hydrogen peroxide having purity higher than that of
hydrogen peroxide obtained according to the prior art.

Recently, hydrogen peroxide has been used as a de-
tergent for silicon wafer, etc. in the field of electronic
industry, and with higher integration of IC there is an
increasing demand for higher purity of hydrogen perox-
ide

Generally, in the case of hydrogen peroxide, the
material of its manufacturing plant and storage equip-
ment 1s corroded and dissolved out, resulting in that
hydrogen peroxide is contaminated by metal ions. In this
case, the kind of metal ions is different depending on the
material of the equipment used. Hydrogen peroxide is
contaminated by aluminum ion in the case where the
material is aluminum, or it is contaminated by such
metal ions as iron, chromium and nickel in the case
where the material is stainless steel.

Since those impurities exert various bad influences on
IC products, various purifying methods for removing
them are under study.

Polish Patent Nos. 50,982 and 55,378, Spanish Patent
No. 382, 719 and East German Patent No. 51,027 pro-
pose methods of removing metal ions contained in hy-
drogen perioxide by using a sulfonic acid type cation
exchange resin in which a styrene-divinylbenzene co-
polymer is a matrix. However, even according to those
proposed methods, there remain 10 ppb or so of metal
ions in the hydrogen perioxide after treatment, thus not
satisfying the users’ demand in the field of electronic
industry.

In the article “Chemical Marketing Reporter”, Apr.
28, 1986, page 4, there is described a method of remov-
ing emulations from hydrogen peroxide in which hy-
drogen perioxide after distillation is re-distilled in a
distillation equipment comprising a distillation tower
made of borosilicate glass and a piping made of polyvi-
nylidene fluoride. Even if hydrogen peroxide is purified
by such method, the metal ion content is 0.1 ppm or less.
Such a degree of purification for hydrogen-peroxide is
insufficient. |

As another method of removing metal ions contained
In hydrogen peroxide, the present inventions have stud-
led a treating method using metal chelate resins each
having amidoxime, amino phosphoric acid or poly-
amine group in a resin matrix. However, none of such
metal chelate resins afforded a satisfactory effect; be-
sides, there is the disadvantage that the organic acid
content of hydrogen peroxide increases. Thus, the said
method proved to be inappropriate as a metal ion re-
moving method. |

SUMMARY OF THE INVENTION

It is the object of the present invention to provide a
process capable of removing metal ions contained in
hydrogen peroxide efficiently, safely and inexpensively.

The process of the present invention consists in con-
tacting hydrogen peroxide to be purified with an anion
exchange resin with a chelating agent absorbed therein.
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DETAILED DESCRIPTION OF THE
INVENTION

As anion exchange resins there are known those each
comprising, as a resin matrix, a styrenedivinyl benzene
copolymer, an acrylic polymer or an epoxyamine poly-
mer, and a quaternary ammonium base or a primary,
secondary or tertiary amine group incorporated in the
resin matrix. The present invention exhibits a particu-
larly outstanding effect when there is used any of Cl
type strongly basic anion exchange resins each compris-
ing, as a matrix, a styrene-divinylbenzene copolymer, an
acrylic polymer or an epoxyamine polymer, and a qua-
ternary ammonium base incorporated in the matrix. OH
type anion exchange. resins are dangerous because their
alkalinity causes vigorous decomposition of hydrogen
peroxide, so the use thereof should be avoided.

The chelating agent used has at least three acid
groups selected from carboxyl groups and phosphonic
acid groups in the molecule thereof. Particularly, che-
lating agents having acid groups at least one of which is
not less than eight in terms of pH value at an inflection
point thereof on a neutralization titration curve and the
rest of which are less than eight in terms of pH value at
their inflection points on the same curve, exhibit a par-
ticularly outstanding effect. Preferred examples of such
chelating agents are alkali metal salts of hydroxyethyle-
thylenediaminetriacetic acid, nitrilotriacetic acid, ethyl- -
enediaminetetraacetic acid, diethylenetriaminepenta-
acetic acid, triethylenetetraminehexaacetic acid, nitrilo-
triimethylenephosphonic acid), 1-hydroxyethylidene-
l,1-diphosphonic  acid, ethylenediaminetetra(me-
thylenephosphonic acid), and diethylenetriaminepenta(-
methylenephosphonic acid). Other preferred examples
of chelating agents are alkali metal salts of dihydroxye-
thylglycine and hydroxyethyliminodiacetic acid.

The adsorption is performed by pouring an aqueous
solution of one or more of the above-exemplified chelat-
Ing agents into a column charged with, for example a Cl
type anion exchange resin. Preferably, the amount of
the chelating agent used is not smaller than one third of
the total ion exchange capacity of the anion exchange
resin and not larger than twice such total ion exchange
capacity. The chelating agent may be used in an amount
more than twice the said total ion exchange capacity,
but this is disadvantageous from the economic point of
view and an amount thereof smaller than one third of
such total ion exchange capacity would result in deteri-
orated treating capacity for hydrogen peroxide, thus
requiring frequent repetition of a regeneration step and
sO making the operation more complicated.

After the chelating agent adsorbing treatment, the
resin in the column should be washed thoroughly with
pure water until there is no leak of chloride ion to pre-

vent the treated hydrogen peroxide from being contam-

Inated by chloride ion. As to others operations for the
chelating agent adsorption treatment, it is sufficient to
perform them in accordance with a known resin column
regenerating method for ion exchange resins.

The hydrogen peroxide purifying process of the pres-
ent invention can be carried out in accordance with a
conventional resin column purifying process which is
known as a hydrogen peroxide purifying process except
that such a specific chelating agent-adsorbed resin as
defined herein is used as the material to be charged into

- the resin column. The purification temperature may

usually be room temperature or thereabouts. It is not
necessary to specially cool the column to prevent the
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decomposition of hydrogen peroxide because there is
recognized no rise of temperature caused by the decom-
position of hydrogen peroxide during the purification
treatment. | | -
The hydrogen peroxide purifying ability of the che-
lating agent-adsorbed anion exchange resin differs de-

pending on the kind and amount of the chelating agent
used and the degree of contamination of hydrogen per-

oxide by metal ions, but in the case of purifying ordi-
nary hydrogen peroxide for industrial use, it is possible
at a single regeneration to treat hydrogen peroxide in a
volume 300 to 1,000 times the volume of the anion ex-
change resin used.

The regeneration of the anion exchange resin may be

performed in accordance with the foregoing method for
the chelating agent adsorption treatment. The regenera-
tion never deteriorates the hydrogen peroxide purifying
ability of the anion exchange resin. When 35% hydrogen

peroxide of a volume about 10,000 times the volume of

the resin was treated under repetition of the regenerat-

Ing operation, there was recognized no deterioration of

the hydrogen peroxide purifying ability.

The hydrogen peroxide thus purified according to
the process of the present invention is characteristic in
that the metal ion content decreases to several ppb or
lower without increase in the content of chloride 10n,
phosphate ion and free acid and that the total organic
matter carbon content as an index of the organic matter
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quently, the purification process is greatly simplified in
the present invention.

The following working examples are given to illus-
trate the present invention in more detail, but it is to be

understood that the invention is not limited thereto at
all.

EXAMPLE 1

50 ml of a Cl type Amberlite IRA-900 (tradename, a
product of Japan Organo Co., Ltd.) which is a styrene-
divinylbenzene copolymer-based anion exchange resin
having a quaternary ammonium base as an ion exchange
group was charged into a column and 250 mi of a 0.3N
aqueous chelating agent solution was poured into the
column over a period of one hour to effect a chelating
agent adsorbing treatment.

Thereafter, 500 ml of pure water was passed through
the column over a 2 hour period to effect washing.

Then, 35% hydrogen peroxide was passed through
the column for 10 hours at a rate of 1,000 ml/hr and
thereby purified. The feed hydrogen peroxide and the
treated hydrogen peroxide were analyzed for compo-
nents. The results of the analysis are as shown in Table
1. The chelating agents used are all sodium salts.

As shown in the results of Table 1, the purifying
effect is outstanding and the superiority of the purifying
process of the present invention using the chelating
agent-adsorbed anion exchange resin is apparent.

TABLE !

i

Total

H>0, Total organic
Chelating Agent for Treating content Al Fe Ni Cr chlorine Total POs carbon
Hydrogen peroxide (%) (ppb) (ppb) (ppb) (ppb) (ppm) {ppm) (ppm)
Hydroxyethyliminodiacetic acid 35.2 3> 1> 1> 1> 0.05> 0.5 5.6
Hydroxyethylethylenediamine 35.2 3> I> 1> 1> 0.05> 0.3 6.0
triacetic acid - |
Nitnlotriacetic acid 35.1 2> 1> I> 1> 0.05> 0.2 5.2
Ethylenediaminetetraacetic acid 35.2 1> 1> 1> 1> 005> 0.1 6.5
Diethylenetriaminepentaacetic 35.1 3> 1> 1> 1> 0.05> 0.3 6.5
acid
Tnethylenetetraminehexaacetic 35.3 I> 1> 1> | > 0.05> 0.4 5.8
acid |
Nitrilotri(methylenephosphonic 35.2 3> 1> 1> 1> 0.05> 0.4 5.6
acid)
I-Hydroxyethylidene-1, 1- 35.1 I> [ > 1> 1> 0.05> 0.3 6.1
diphosphonic acid
Ethylenediaminetetra(methylene- 35.2 2> 1> I> I> 0.05> 0.2 5.9
phosphonic acid)
Diethylenetriaminepenta(methylene- 5.2 5> 1> 1> 1> 0.05> 0.3 5.7
phosphonic acid)
Feed 35% hydrogen peroxide 35.3 151 6 3 5 0.05 0.5 17.2

. :

content also decreases. Its quality can fully satisfy the

users’ demand in the field of electronic industry:.
At present, autoxidation is predominant as the hydro-

gen peroxide manufacturing process. Incorporation of 55

an organic compound in the hydrogen peroxide pre-

pared according to the process of the present invention
Is unavoidable, and as the method for removing such
organic matter there is proposed a treating method
using an organic matter adsorbing resin in Japanese
Patent Publication No. 26095/1971. However, such
treatment using an organic matter adsorbing resin is not
needed if hydrogen peroxide is purified according to
the present invention. Besides, unlike a known hydro-
gen peroxide purifying method using a resin column, it
IS not necessary in the present invention to use two
kinds of ion exchange resins which are a cation ex-
change resin and an anion exchange resin. Conse-
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EXAMPLE 2

Resin regenerating and hydrogen peroxide purifying
steps were repeated 39 times using tetrasodium salt of
ehtylenediaminetetraacetic acid as a regenerate in the
method of Example 1 and 35% hydrogen peroxide was
purtfied using the resin after the 40th regeneration. The
results are as set forth in Table 2. As shown therein,
there was recognized no deterioration int eh hydrogen
peroxide purifying performance of the anion exchange
resin even after repetition of the resin regenerating
operation 40 times.

| TABLE 2
%
Feed Treated
Hydrogen Hydrogen
| peroxide peroxide
%
Content (%) 35.3 35.1
Al (ppb) 159 ]
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TABLE 2-continued

M

Feed Treated
Hydrogen Hydrogen
peroxide peroxide
e ——————————————_ b e e——tr e Attt

Fe (ppb) | 6 i

Ni (ppb) 4 1

Cr (ppb) 5 | 1

Chloride (ppm) 0.05 0.05

Total PO4 (ppm) 0.5 0.3

Total Organic Carbon (ppm) 16.8 5.6

What is claimed is:

1. A process for purifying hydrogen peroxide, char-
acterized by contacting hydrogen peroxide with an
anion exchange resin; said resin having a chelating
agent absorbed therein, wherein said contacting com-
prises passing said hydrogen peroxide through said resin
having said chelating agent adsorbed therein; wherein
said chelating agent contains in the molecule thereof at
least three acid groups and wherein said acid groups are
carboxyl groups or phosphonic acid groups.
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2. A processasset forth in claim 1, wherein at least one
of the acid groups of the chelating agent is not less than
eight in terms of pH value at an inflection point thereof
and the remaining acid groups are less than eight in
terms of pH value at their inflection points on the same
curve. |

3. A process as set forth in any one of claims 1 and 2
wherein the chelating agent is a compound selected
from the group consisting of alkali metal salts of hy-
droxyethylethylenediaminetriacetic acid, nitrilotriace-
tic acid, ethylenediaminetetraacetic acid, diethylenetri-
aminepentaacetic acid, triethylenetetraminehexaacetic
acid, nitrilotrilmethylenephosphonic acid),
ethylenediaminetetra(methylenephosphonic acid) and
diethylenetriaminepenta(methylenephosphonic acid).

4. The process as set forth in any one of claims 1 and
2, wherein the anion exchange resin is a Cl type strongly
basic anion exchange resin comprising as a matrix a
styrene-divinylbenzene copolymr, an acrylic polymer
Or an epoxyamine polymer and a quaternary ammonium

base.
Ok % % R %



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

* PATENTNO. : 5,055, 286 Page 1 of 2,

DATED : October 8, 199]
INVENTOR(S) : Ssatoru wWatanabe, et al.

It 1s certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 31: "51,027" should read as
--51,025, -~

Column 1, line 42-: "emulations" should read as

-—metal 1ons-—-.

Column 1, line 48: "hydrogen-peroxide" should

recad as --hydrogen peroxide--

Column 1, line 51: "inventions" should read as
-—-1lnventors-—--.

Column 1, line 53: M"amino phosphoric" should read
as —--aminophosphoric--.
Celumn 4, line 59: "int eh"™ should read as

--1in the--.

Column 5, line 16, Claim 1- "absorbed" should
read as -—--adsorbed--.




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,055,286

DATED : October 8, 1991
INVENTOR(S) : Satoru Watanabe, et al

Page 2 of 2
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